In the present study we determined the efficacy of the measurement of fecal cortisol and androgen metabolite concentrations to monitor adrenal and testicular activity in the jaguar (Panthera onca). Three captive male jaguars were chemically restrained and electroejaculated once or twice within a period of two months. Fecal samples were collected daily for 5 days before and 5 days after the procedure and stored at -20ºC until extraction. Variations in the concentrations of cortisol and androgen metabolites before and after the procedure were determined by solid phase cortisol and testosterone radioimmunoassay and feces dry weight was determined by drying at 37ºC for 24 h under vacuum. On four occasions, fecal cortisol metabolite levels were elevated above baseline (307.8 ± 17.5 ng/g dry feces) in the first fecal sample collected after the procedure (100 to 350% above baseline). On one occasion, we did not detect any variation. Mean (± SEM) fecal androgen concentration did not change after chemical restraint and electroejaculation (before: 131.1 ± 26.7, after: 213.7 ± 43.6 ng/g dry feces). These data show that determination of fecal cortisol and androgen metabolites can be very useful for a noninvasive assessment of animal well-being and as a complement to behavioral, physiological, and pathological studies. It can also be useful for the study of the relationship between adrenal activity and reproductive performance in the jaguar.
The reproductive function of mammals is reduced by stress, and a variety of mediating factors have been suggested, including cortisol (1) (2) (3) (4) . Hormones secreted during stress are also capable of reducing testosterone concentrations in males (1, 5, 6) .
For many species, including felids, failure to reproduce in captivity has been attributed to stress ensuing from sub-optimal housing and husbandry conditions (7, 8) . In the management of such animals it is important to determine if housing conditions, handling, anesthesia, or electroejaculation acutely or chronically influence reproductive function or general physiological status (9) . Since it is accepted that stressful stimuli can induce ACTH release, which increases the synthesis and secretion of cortisol by the adrenal glands (10) , cortisol analysis has been widely used as an index of stress (11) (12) (13) . Thus, chronic stress has been demonstrated by elevated blood cortisol levels in mammal species (3, 4, 14, 15) . Recently, Graham and Brown (12) demonstrated that adrenocortical activity can be monitored noninvasively in the cat by measuring cortisol metabolites excreted in the feces, a useful procedure for evaluating responses to physiological and psychological stressors associated with environmental conditions and husbandry practices.
Therefore, the objectives of the present study were: 1) to determine if fecal cortisol analysis would be an appropriate technique for monitoring adrenal activity in the jaguar, and 2) to investigate changes in cortisol and androgen metabolite concentrations after chemical restraint and electroejaculation in the jaguar.
Male jaguars were maintained in individual cages at the Ilha Solteira Zoo (N = 1; P01), and housed with females at the Rio de Janeiro Zoo (N = 2; P02, P03). Mean (± SD) age based on known dates of birth (N = 1) and dentition and tooth wear (N = 2) was 72.0 ± 24.0 months. All animals were fed a meat-based diet (beef with occasional bones, but without vitamin or mineral supplementation, or organ meat), and had free access to water. Procedures were in accordance with the Internal Committees of Ilha Solteira and Rio Zoo.
Jaguars were anesthetized with a combination of tiletamine and zolazepam (10 mg/ kg; Zoletil 50; Virbac do Brasil, São Paulo, SP, Brazil) administered using a blow dart system. Electroejaculation was performed as previously described by Morato et al. (16) . Briefly, a rectal probe (2.6 cm in diameter and 29 cm long) and a portable batteryoperated electrostimulator (AC, 60 Hz current; Eletrovet Electronic Equipment, São Paulo, SP, Brazil) were used to deliver an electroejaculation stimulus sequence consisting of a total of 80 stimuli applied in a series of 30, 30 and 20 stimuli. Three series were applied with 10-min intervals between series. Animals P01 and P03 were submitted to chemical restraint and electroejaculation twice with a 2-month interval between procedures, and animal P02 was submitted to the same procedure only once.
To evaluate the influence of chemical restraint and electroejaculation on cortisol and testosterone metabolite concentrations, fecal samples from each animal were collected daily for 5 days before and 5 days after the procedure. Samples were frozen (-20ºC) and stored until the extraction procedure.
Extraction was performed as described by Graham and Brown (12) . Briefly, samples were dried with a Speedvac Evaporator System (37 o C/24 h; Forma Scientific Inc., Marietta, OH, USA), pulverized, and 0.2 g was boiled in 5 ml of 90% ethanol:distilled water (v/v) for 20 min. After centrifugation at 500 g for 20 min, the supernatants were recovered and the pellets resuspended in an additional 5-ml portion of 90% ethanol, vortexed, and centrifuged again. The combined supernatants were evaporated dry under air, resuspended in 1 ml methanol, and then further diluted (1:2) in gelatin buffer (60 mM sodium phosphate, pH 7.0, 0.4 M NaCl, and 10% gelatin, w/v) for radioimmunoassay (RIA). The extraction procedure was validated by demonstrating a significant recovery of the exogenous [ 3 H]-cortisol and [ 3 H]-testosterone added to each fecal sample (cortisol (mean ± SEM): 78.0 ± 0.8% and testosterone: 83.0 ± 1.0%). All analyses were performed in duplicate.
A solid-phase 125 I RIA for cortisol and testosterone (Diagnostic Products Corporation, Los Angeles, CA, USA) was used to quantify the immunoactive fecal corticoid and androgen concentrations. The assay was validated for the jaguar by demonstrating parallelism between dilutions of pooled extracts and the standard curve (cortisol: y = 1.6 -1.1x, r 2 = 0.99, and testosterone: y = 1.3 -0.92x, r 2 = 0.99; Spearman). Assay sensitivity based on 91% of maximum binding was 12.5 ng/ml per tube for cortisol and 8 pg per tube for testosterone. Intra-and inter-assay coefficients of variation were <10%. Data are reported on a per g fecal dry weight basis.
For each jaguar, the mean baseline concentration for cortisol metabolites was designated as 100%, and pre-and post-chemical restraint and electroejaculation values are presented as a percentage of baseline. Increases in cortisol metabolite excretion were considered to be significant if they exceeded the baseline mean plus 2 SD. Differences between pre-and post-electroejaculation mean values of fecal androgen metabolites were compared using the Mann-Whitney rank test. The Spearman correlation test was applied to verify the relationship between fecal cortisol metabolites and fecal androgen metabolites.
Serum cortisol has been extensively used as a stress indicator in many mammalian species (3, 4, 14, 15) . Recently, fecal cortisol metabolites have been identified as an index of stress in zoo animals (12, 17, 18) . Since many captive and wild populations of endangered species such as the jaguar are intensively managed, measuring fecal cortisol metabolites will be useful to identify factors affecting animal well-being in captivity. In addition, adrenal activity could be measured in wild jaguars by closely monitoring radiocollared animals to collect a fresh sample or by obtaining fecal samples during capture for radio-collaring.
Animals have been exposed to chemical restraint or electroejaculation to assess the ability of fecal corticoid metabolite analysis to detect changes in adrenocortical activity (17) . In the present study, using five chemical restraint and electroejaculation procedures we were able to detect changes in the cortisol metabolite concentrations on four occasions (Figure 1) . Increased concentrations normally occurred on the first day after chemical restraint and electroejaculation. Increases in fecal corticoid excretion in domestic cats were typically observed in the first fecal sample collected as early as 24 h after an ACTH challenge (17) . Similarly, peaks of fecal cortisol excretion were observed in the first fecal sample collection from three of four cheetahs (Acinonyx jubatus). However, in one of these animals, the peak of fecal corticoid excretion was observed 72 h post-immobilization (17) .
Since on one occasion we were unable to collect fecal samples after the first day postchemical restraint and electroejaculation, it is possible that changes occurred after the first collection.
In the present study, mean fecal cortisol metabolites increased 2-to 4-fold over the pre-chemical restraint and electroejaculation levels, while they increased 6-to 12-fold over the pre-ACTH challenge and 2-to 9-fold after immobilization in the cheetah (17) . In general, cortisol metabolism appears to be conserved among felid species (17) . Since cat species produce cortisol and corticosterone, it is possible that the difference among studies is related to the use of different RIA in each. In the present study, fecal cortisol metabolite concentrations ranged from 4.0 to 1276.6 ng/g dry feces. Mean overall fecal cortisol metabolite concentration was 418.0 ± 35.0 ng/g dry feces, mean baseline concentration was 307.8 ± 17.5 ng/g dry feces, and mean peak concentration was 820.9 ± 86.8 ng/g dry feces. Similar ranges were reported for clouded leopards (Neofelis nebulosa) (18) , although the mean overall, baseline and peak concentrations described here were 3-to 4-fold higher than those described for the clouded leopard (18) and cheetah (19) .
Glucocorticoids appear to act on the pituitary and testes to suppress testosterone (20) and an elevation of glucocorticoids in serum precedes the decline of the serum testosterone concentration in the wild baboon (1). However, cortisol release in immobilized and electroejaculated cheetahs did not appear to affect the tonic release of testosterone or luteinizing hormone (9) . Similarly, in this study, we did not find a variation in fecal androgen concentrations between the time before and after chemical restraint and electroejaculation (131.1 ± 26.7 vs 213.7 ± 43.6 ng/g dry feces). In addition, there was no correlation (P > 0.05) between fecal cortisol metabolites and fecal androgen metabolites. Consequently, there is no evidence that chemical restraint and electroejaculation-induced cortisol secretion exert a modulating influence on testosterone.
The present study shows that determination of fecal cortisol and androgen metabolites can be very useful for noninvasively assessing an animal's well-being and for complementing behavioral, physiologic, and pathologic studies. However, the relationship between adrenal activity and reproductive performance still remains to be investigated in the jaguar. At the conservation strategy level, this technique is clearly useful to assess whether housing conditions, handling or other manipulatory procedures can affect the reproductive and/or general physiological status of captive animals. In addition, it is possible to use these techniques to evaluate changes in the reproductive and/or physiological status of free-living populations in the presence of the pressures due to human intervention.
